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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
The theory of island biogeography (MacArthur and Wilson 1963) describes the 
dynamic equilibrium between extinctions and colonizations on oceanic islands and predicts 
that smaller, more isolated islands will retain the lowest species diversity. Diamond (1975) 
applied this idea to the insularization of terrestrial, native habitat and brought into question 
the ability of a system of isolated, natural reserves to support viable popUlations or retain 
species diversity for extended periods. Since that time, the question of how to maximize the 
value of remaining habitat in order to reduce the threat of extinction inherent to small, 
isolated habitat patches has been explored by many authors (Letkovitch and Fahrig 1985, 
Wilcox and Murphy 1985, Wright 1985, Noss and Harris 1986, Fahrig and Merriam 1992, 
Wu et al. 1993). 
Brown and Kodric-Brown (1977) suggested that increasing immigration into patches 
can "rescue" isolated populations from local extinction, either through recolonization or by 
adding individuals to dwindling populations. Incoming migrants can also maintain local 
genetic diversity and reduce the negative impacts of inbreeding that are threats to small 
populations (Lande 1988). Therefore, in addition to loss of habitat, the reduction of 
migration between sub-populations is a topic of concern to conservationists and the question 
of how to reduce isolation has been the subject of serious debate (Noss 1987, Simberloff et 
al. 1992, Mann and Plummer 1993, Taylor et al. 1993). Despite this, little is known about 
-*-
how readily individuals of most species move throughout the landscape, how they are 
affected by specific features in the landscape, or how their responses are influenced by other 
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environmental conditions (Gustafson and Gardner 1996). For this reason, the degree to 
which populations are isolated from each other is not known for most species in most 
landscapes. 
Estimat!!!g movement parameters is a difficult task, especially in landscapes large ¥ 
enough to be of concern to conservation. Studies at smaller scales are more feasible, but it is 
unknown how well these results "scale up" to larger areas. Empirical studies done in natural 
settings are limited by the configuration of the existing landscape or the logistics and cost of 
experimentally manipulating the land. For this reason, computer models have become a 
popular tool for exploring the effects of landscape changes on population dynamics. These 
models are useful in that they allow the complex interactions between a myriad of factors to 
be explored to an extent that would be impossible in a real landscape. However, because of 
the lack of empirical data, these models are often based on poorly understood behaviors 
(Lima and Zollner 1996), and are, therefore, difficult to apply to real world situations. 
To contribute to the base of empirical data describing animal movement through 
complex landscapes, I studied the effects of specific landscape features on the behavior and 
distribution of butterflies in the highly fragmented prairies of central Iowa. Tallgrass prairies 
represent one of the most endangered ecosystems in North America with less than 0.01 % of 
the original land remaining in Iowa (Sampson and Knopf 1994). High quality prairies in 
central Iowa (never plowed or heavily grazed) are often separated by tens of kilometers. 
Butterflies are a highly appropriate focal taxon for this study because they are known to 
display a wide range of habitat tolerances, distributions, and movement patterns, some 
traveling thousands of miles in the course of their lifetime and others rarely moving more 
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than 100 m from their natal host plant (Scott 1986). 
Ims and Yoccoz (1997) describe the process of migration between SUb-populations as 
occurring in three separate steps: leaving a patch, finding a new patch, and colonizing that 
patch. The successful completion of each one of these steps is influenced by different 
factors, the most important of which are likely to vary between species. I collected data 
related to the first two steps of the migration process: leaving a patch and finding a new one. 
I studied the extent to which different types of prairie edges acted as a barrier to movement 
for two butterflies species: the regal fritillary (Speyeria idalia), a prairie specialist, and the 
monarch (Danaus plexippus), a long distance migrant. I also collected preliminary data on 
the potential of roadsides restored to native prairie vegetation to serve both as additional 
habitat and corridors between prairies. I studied how the type of roadside vegetation and the 
distance from the closest prairie influenced the abundance and richness of butterflies. 
Thesis Organization 
This thesis presents the results of two separate studies on the response of butterflies to 
the landscape. In this chapter, I describe the motivation for choosing each project, describe 
goals for each, and give some relevant background. The second chapter presents the results 
of the study on the first step of migration, leaving the prairie. Data on the response of two 
butterfly species to prairie edges are presented in the form of a manuscript to be submitted to 
Ecology. The third chapter explores how roadside vegetation may help support and/or direct 
individuals in the matrix. Results from this study are presented in a manuscript to be 
submitted to The Prairie Naturalist. The final chapter attempts to synthesize the results of 
both projects and describes what insights were gained and future directions need to be taken. 
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Prairie Edges as a Barrier to Movement 
Most studies on movement of individuals between habitat patches have been either 
mark/recapture or telemetry studies which document displacement of individuals over 
discrete time units. I chose instead, to track the movement paths of the two focal species, S. 
idalia and D. p/exippus at habitat edges to determine to what extent edges serve as a barrier 
to movement. Tracking studies are advantageous in that they allow reactions to specific 
landscape features or environmental conditions to be quantified (Turchin et al. 1991). One 
reason that tracking studies have gained popularity is they allow a description of the 
mechanism that causes the abundance patterns observed. Results are thus more readily 
scaled up to larger landscapes or applied to other situations. 
The decision to collect tracking data was inspired by a study completed by Nick 
Haddad (1997) in a large-scale experimental landscape created at the Savannah River Site in 
South Carolina. Haddad used the data he collected on the response of three butterfly species 
to habitat edges to make predictions about the effects of corridors at much larger scales. 
Soule and Gilpin (1991) have also suggested that edge response is an important factor in 
determining to what extent species may respond to corridors as a management tool. Lima 
and Zollner (1996) have cautioned, however, that it is vital to know to what extent animals 
perceive and respond to corridors separately from the rest of the landscape. Although no 
data were collected in corridors, our detailed study of edge responses and what local 
conditions most affects behavior allow for insights into how responses in corridors may differ 
from those in patches. 
Another goal of this portion of our study was to document the extent to which 
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behavior varies both within and among species. Variation in movement patterns among 
individuals can have important consequences. Goldwasser et al. (1994) found that if 
individual variability was not taken into account in spatially-explicit models, the results of 
the model could be strongly biased, in their case, by underestimating the rate at which species 
invasions occur. Crist and Wiens (1995) found that variation in movement patterns in 
darkling beetles (Coleoptera: Tenebrionidae) can influence their rate of capture, which in tum 
affects population estimations. Ingham and Samways (1996) warned of the dangers of 
making management decisions based on the assumption that all species perceive the 
landscape in a similar way. 
Finally, I sought to document the maximum distance at which individuals responded 
to the edge. This information is important for two reasons. First, it is an indication of the 
perceptual range of a species. Lima and Zollner (1996) target this information as particularly 
important for modeling animal movement. Perceptual distance strongly influences the way 
animals are able to respond to their landscape and is an implicit part of any movement model 
that endows individuals with information about their landscape. Response to edges is also 
important because the edge sensitivity of a species is one of the factors which determines the 
degree to which habitat quality is degraded by the increase in perimeter to edge ratios 
inherent with increasing fragmentation (Sisk et al. 1997). 
Roadsides as Additional Habitat and Corridors Between Prairies 
I began my project with the goal of testing the idea that the restoration of roadsides to 
native vegetation could be used as corridors between prairie fragments. The impetus for this 
project stemmed from a desire to test the "corridor concept" that has gained so much 
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attention over the last decade. The idea that corridors or stepping stones between habitat 
"islands" can mitigate the problems of fragmentation has become a popular idea but remains 
controversial due to a lack of empirical evidence and potential drawbacks such as spread of 
disease (Hobbs 1992, Simberloff et al. 1992, Hess 1994, Rosenberg et al. 1997). This lack 
of evidence stems mainly from an absence of well-designed studies rather than direct 
evidence controverting the potential usefulness of corridors. My initial surprise at the lack 
of studies found in the literature that rigorously address this issue has been tempered with the 
realization that, like many questions in landscape ecology, it is not an easy concept to test 
empirically. 
The study of the efficacy of corridors as management tools has taken many 
approaches (Nicholls and Margules 1991), one of which is simply to document the presence 
of focal species in a landscape feature that has been designated as a corridor. While this 
constitutes possibly the weakest form of evidence that corridors are actually reducing 
isolation between habitat patches, the increased abundance of organisms in corridors is at 
least an indication that the corridor is having some effect, although not necessarily the one 
sought (Rosenberg et al. 1997). However, a criticism ofthis type of study is that surveys are 
rarely done in "non-corridor" areas to determine if the presence of this strip of habitat 
actually increases the abundance of organisms relative to the rest ofthe landscape. 
I was able to improve on some of these types of studies in that I compared roadsides 
that differ substantially in their vegetation structure. Iowa roadsides generally receive two 
radically different types of management. The first is a traditional approach that maintains 
roadsides as a mono culture of exotic grasses, and the second, a more innovative method 
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called Integrated Roadside Vegetation Management (IRVM). IRVM involves restoring 
roadsides to native vegetation and restricting the use of herbicides to control a few nuisance 
species. A survey (Henderson, unpublished data) sent to roadside managers in all 99 Iowa 
counties in 1986 indicated that 64 counties had included native prairie species in their 
roadside seeding projects over the past ten years, including 42 that planted native wild 
flowers. Thirty-five counties claimed to be actively employing IRVM principles in their 
management practices. In addition, 23 counties had performed a detailed inventory of 
roadside vegetation in order to identify areas with native prairie remnants and have been 
actively maintaining these areas. The uneven implementation of the IRVM program has 
created a patchwork of roadsides of varying quality throughout the Iowa landscape. 
However, very little attention has been given to the effects of these changes in roadside 
management on wildlife populations. 
Although our preliminary study was only able to examine patterns of abundance and 
richness, rather than processes, I was able to gain some initial insights by exploring not only 
how differences in roadside vegetation affected distribution patterns, but how distance from 
prairies may influence responses. For this portion of the project, I focused on two groups of 
butterflies with preference for open habitat: those that are highly tolerant of disturbance and 
those that are not. Once again, I attempted to document how species may respond differently 
to the same landscape. This preliminary data will enable me to focus future efforts on 
exploring this potentially important resource. 
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CHAPTER 2. BUTTERFLY RESPONSES TO HABITAT EDGES IN 
THE HIGHLY FRAGMENTED PRAIRIES OF CENTRAL IOWA 
A paper to be submitted to Ecology 
Leslie Ries and Diane M. Debinski 
Abstract 
The degree to which edges act as a barrier to movement is an important topic both in 
ecology and conservation. Most studies have focused on a single species at the most distinct 
type of habitat boundaries (such as a field and woodlot). We measured the response of two 
species of butterflies near crop, road, treeline, and field edges in the highly fragmented prairie 
system of central Iowa in order to 1) determine the edge permeability of four different edge 
types, 2) determine the distance at which individuals respond to the edge, and 3) measure 
how responses are affected by wind, conspecific density, nectar availability, and time of year. 
We chose two species with very different life histories: the regal fritillary (Speyeria idalia), 
which in Iowa is found almost exclusively in native prairies, and the monarch (Danaus 
p/exippus), which is a common, long-distant migrant. Survey plots were located within 
prairies at crop, road, treeline, and field edges with one edge of the plot contiguous with the 
edge of the prairie. 
Both species avoided crossing edges at prairie/treeline borders. In addition, S. idalia 
avoided crossing crop and field edges. However, this response was strongly affected by 
conspecific density; individuals were less likely to exit from high density plots. Surprisingly, 
S. idalia showed as strong a response to field as to treeline edges when densities were high. 
D. p/exippus responded strongly only to treeline edges. In general, D. p/exippus was more 
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affected by time of year and wind direction. In total, our results demonstrate that butterflies 
may respond strongly to even subtle habitat boundaries restricting population exchange in 
fragmented landscapes. However, those responses may be influenced by other factors not 
related to landscape structure. 
Introduction 
The movement of individuals between sub-populations is a critical factor in the 
popUlation dynamics of organisms with fragmented distributions (Taylor et al. 1993, Ims and 
Y occoz 1997, Turchin 1998). This issue has recently gained considerable practical 
importance because remaining natural habitat has become increasingly fragmented by human 
activity. Populations occupying these fragmented landscapes are generally assumed to be 
more isolated and vulnerable to the stochastic processes that cause local extinctions. 
However, little is known about movement rates between populations despite the fact that the 
exchange of individuals between sub-populations can mitigate many of the problems 
associated with fragmentation. Brown and Kodric-Brown (1977) suggested that migration 
between habitat patches can "rescue" populations from local extinction, either by 
recolonizing empty patches or adding individuals to dwindling popUlations. Inbreeding has 
also been targeted as a problem in isolated popUlations (Saccheri et al. 1998). However, as 
little as one migrant per generation has been suggested to be sufficient to maintain local 
genetic linkage between sUb-populations (Spieth 1974, but see Mills and Allendorf 1996). 
Despite the obvious importance of migration, we know very little about how readily most 
animals move throughout the landscape. One reason is the difficulty of gathering the field 
data necessary to estimate movement parameters. As a result, migration rates remain 
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unknown for most species in most landscapes (lms and Y occoz 1997). 
One of the most critical issues pertaining to animal movement is the response of 
individuals to habitat edges (Yahner 1988, Sisk et al. 1997). As habitat fragmentation 
increases, individuals are more likely to encounter an edge. The permeability of those edges 
determines the emigration rate from a patch and can affect local population levels and the 
probability of extinction (Stacey et al. 1997). Stamps et al. (1987) used a computer 
simulation to show that edge permeability, along with the geometry ofthe patch, are the most 
important factors determining emigration rates. Edge permeability may change considerably 
with the type of edge encountered and edge characteristics can vary in several ways: the 
abruptness of the transition, the presence of boundary features such as treelines, roads, or 
rivers, and the type of habitat bordering the patch. Edges can range from being virtually 
impenetrable to imperceptible. In the latter case, emigration occurs as a result of random 
movements and may be unintentional and, therefore, non-adaptive (Turchin 1989). 
Like most aspects of movement through landscapes, there have been few studies that 
have examined movement patterns near edges, and most have focused on edges with 
structurally distinct habitat, such as a field bordered by a woodlot (Kuussaari et al. 1996). 
These studies have generally shown that many species tend to avoid crossing into very 
different habitat types. Several tracking studies have shown that individuals are more likely 
to leave a patch through corridors of similar habitat (Johnsonn and Adkison 1985, Sutcliffe 
and Thomas 1996, Haddad 1997, Machtans et al. 1997). However, all of these studies used 
fields bordered by woodlands. Fry and Robson (1994) studied movement across less distinct 
boundaries and showed that butterflies were more likely to cross a field edge when the edge 
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vegetation height was low. Schultz (1998) released butterflies within hostplant patches 
surrounded by structurally similar open habit and found that in two out of three trials 
butterflies tended to stay in the patch rather than exiting. In a mark/release study, Kuussaari 
et al. (1996) found higher emigration rates from patches surrounded by more open habitat. 
A factor that is often ignored in movement studies is the amount of variation that 
exists both within and among species. Variation in responses, due to interspecific or 
environmental factors are often assumed, but rarely documented. Of the studies mentioned 
above, only Kuussaari et al. (1996) examined how emigration is influenced by other local 
factors and Haddad (1997) was the only investigator to collect data on more than one species. 
Identifying the factors that are most likely to influence the permeability of edges is crucial in 
order to build a general framework of how edges affect populations. 
In lieu of empirical data, which is usually lacking, computer simulations have become 
a popular tool used to explore the implications of movement in fragmented landscapes 
(Burkey 1989, Lacy and Clark 1993, Wu et al. 1993, Boone and Hunter 1996, Schippers et al. 
1996, Fahrig 1997). Simulation studies are advantageous in that they are not constrained by 
the scale or configuration of the existing landscape, and they allow the complex interaction of 
several factors to be explored. These computer simulation studies have become especially 
prevalent in exploring methods to reduce the effects of habitat fragmentation, including 
modifying the arrangement of habitat patches (Lefkovitch and Fahrig 1985, Pulliam et al. 
1992, Wu et al. 1993, Gustafson and Gardner 1996) or adding corridors to the landscape 
(Fahrig and Merriam 1985, Henein and Merriam 1990, Anderson and Danielson 1997). 
Although computer simulations are clearly an indispensable tool in landscape 
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ecology, Lima and Zollner (1996) have highlighted the fact that these models are generally 
based on poorly understood movement behavior. They claim that most movement rules are 
based on the investigator's "most plausible" guess of how animals would respond to various 
features in the landscape. They describe the need to build a foundation of empirical 
knowledge which is severely lacking from the literature, including descriptions of how 
animals respond to specific landscape features and the distance at which species are able to 
perceive those features. Turchin (1998) also stresses the importance of developing models 
using empirical data. Tracking individual movement paths is a useful method of collecting 
this type of data and one that is beginning to gain popularity in ecological studies (Cain et al. 
1985, Kareiva and Perry 1989, Odendaal et al. 1989, Turchin and Kareiva 1989, With 1994, 
Crist and Wiens 1995, Haddad 1997). Tracking studies are advantageous in that, unlike 
mark/recapture methods, they allow direct observation of an individual's reactions to specific 
features of interest and how those reactions are influenced by local environmental factors 
(Turchin et al. 1991, Turchin 1998). 
In this study, we tracked the movement paths of two butterfly species with very 
different life-history characteristics at four edge types in the highly fragmented prairies of 
central Iowa. Individuals can respond to edges either by not crossing them (i.e., turning or 
stopping) or, having crossed into a new habitat type, individuals may reverse course and 
return to the patch. Once it has been established that individuals respond to edges, variation 
in crossing and return behavior can be used to determine which factors most influence 
responses to edges. Our objectives were to: 
1) determine the edge permeability of prairies at four different edge types, 
16 
2) determine the distance at which individuals respond to the edge, and 
3) measure how responses are affected by wind, conspecific density, nectar 
availability, and time of year. 
Study System: Butterflies in Prairies 
Prairie is considered to be one of the most endangered ecosystems in the United 
States (Smith 1981). Tallgrass prairie is the most drastically affected with a decline in total 
area estimated between 82 and 99%, more than any other major ecosystem in North America 
(Sampson and Knopf 1994). Iowa has been one of the most severely affected states, with 
less than 0.01 % of the original tallgrass prairie remaining (Sampson and Knopf 1994). Most 
prairie fragments in central Iowa are less than 10 acres and are usually separated from the 
closest prairie by several kilometers (Fig 1). A survey of 26 prairies in central Iowa (Ries, 
unpublished data) showed that 50% of the total perimeter of prairie edges consisted of row 
crops and had a road or treeline as an intersecting boundary feature 38% of the time. Other 
common adjacent land types included old fields, pasture, and woodland. 
The two butterfly species used in this study vary greatly in their life history 
characteristics. Regal fritillaries (Speyeria idalia) are restricted to grasslands in the central 
and eastern U.S. and are declining throughout their range due to loss of habitat (Hammond 
and McCorkle 1983). In Iowa, S. idalia is generally restricted to native prairie where their 
host plant, the prairie violet (Viola pedatifida), is found. A 1995 survey of 52 Iowa prairies 
revealed only eleven sites which had individuals present (Debinski and Kelly 1998). S. 
idalia is listed as a species of special concern in Iowa, however Schlict and Orwig (1998) 
suggested that its status in Iowa be elevated to threatened. S. idalia is non-migratory and 
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most individuals stay within the same local area throughout their lifetime (Scott 1986, Nagel 
et al. 1991). The monarch (Danaus p/exippus), on the other hand, is widespread in North 
America and common throughout the world (Brower 1996). Adults found in Iowa 
overwinter in Mexico and, over several generations, move north as far as southern Canada 
before returning to Mexico. Their host plants include several species of milkweed (Asclepias 
spp.) which are found commonly in Iowa both in and outside of prairies. 
Materials and Methods 
Study Sites 
Based on the most common adjacent land and boundary characteristics of central 
Iowa prairies, four edge types were chosen for study: row crops with no boundary feature 
(crop), row crops with a treeline between the crops and prairie (treeline), row crops with a 
gravel road between the crops and prairie (road), and non-prairie grassland, such as old fields 
or pasture, with no boundary feature (field). Native prairies in central Iowa were targeted for 
study, but some lower quality sites (reconstructed prairies or native sites with relatively low 
plant diversity) were included to increase the number of study sites. Our goal was to 
establish three plots in each of three prairies for a total of nine study plots for each edge type. 
However, due to the limited number of adequately-sized prairies in central Iowa, some sites 
contained only two plots. In addition, treeline plots were only established in two prairies. 
Table 1 contains a brief description of the prairies used in the study, and Fig. 1 shows the 
location of these prairies in central Iowa. 
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Plot set-up and Survey Protocol 
Plots were located inside prairies with one edge of the plot contiguous with the edge 
of the prairie (Fig. 2). Plots were placed randomly along the edge, subject to the restriction 
that they were at least 30 m from a corner and fully contained the appropriate edge type. 
Sites were eliminated if a wetland covered more than 25% of the area selected or if they were 
adjacent to another plot. Treeline plots were additionally restricted to contain no gaps in the 
treeline. Plots were 40 x 40 m and were marked using flags which were implanted in 1.2 m 
bamboo poles so they could be seen over the top of the vegetation. Flags were placed at 20 
m intervals within the plot so that each plot contained sixteen lOx 10m quadrats (Fig. 2). 
The spacing of the flags allowed all butterfly positions to be located within one of the lOx 10 
m quadrats. 
All surveys were conducted between 1000 and 1900 h on sunny days. A survey was 
conducted by searching each of the 16 quadrats for two minutes. Search time did not include 
tracking individuals or recording data. Quadrats were surveyed in random order, with a 
, different set of random numbers chosen for each survey. Surveys were conducted until all 16 
quadrats were completed or while weather and light conditions remained conducive to 
butterfly activity (i.e. sunny with low wind). If an individual was spotted, it was tracked until 
it left the plot or remained perched for 5 min, at which time the track was abandoned. 
Individuals that left the plot were followed until they were at least 10m beyond the plot. If 
they returned to the plot before that time, tracking continued. An individual was considered 
to have exited the plot only when it left and did not return. Butterfly tracks were recorded for 
Speyeria idalia and Danaus plexippus. All S. idalia present were tracked, but only the first 
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ten D. p/exippus spotted in each survey were tracked. This approach was taken to avoid 
spending excessive amounts of time recording D. p/exippus information because this species 
is often very abundant. Tracks were recorded so that small variations in flight direction were 
ignored (Fig. 2). 
Flourescent flagging tape was attached to each pole in the survey plot which allowed 
an estimation of the strength and direction of the wind to be recorded after each butterfly was 
tracked. This was accomplished by recording the approximate angle between the flagging 
tape and the pole as well as the direction the tape was blowing. In addition, a Wind Wizard 
(Model 281) wind speed indicator was used to obtain average wind speeds for each survey 
day. For surveys where the wind ranged between 0-8 kph, the wind was classified as either 
still or low. On days when there was a consistent wind averaging approximately 8 - 12 kph 
with gusts to 24 kph, wind was classified as low when the flagging tape was within 60° of 
the pole or high when the flagging tape was greater than 60° from the pole. No surveys were 
done on days with average wind speeds greater than 12 kph because butterflies rarely flew 
under those conditions. 
For each quadrat, an order of magnitude estimate was made of the total number of 
flowers in bloom. Using this information, each plot was categorized as having low, medium, 
or high flower abundances which translated to an average quadrat abundance of 
approximately tens, hundreds, and thousands of flowers respectively. Eighty percent ofthe 
flower surveys were conducted within two weeks of the butterfly survey and the remaining 
surveys were all completed within a month. 
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Data Analysis 
Responses at the prairie edge were compared to responses at the three interior edges 
of the plot (see Fig. 2). Because the three interior plot edges were not true edges, they acted 
as a control to compare to behavior at the actual prairie edge. Responses measured included 
which edge the individual used to exit the plot (exits were recorded when an individual 
crossed the edge and did not return), whether an individual on an intercept course with the 
edge crossed or avoided it (recorded separately at 0, 10,20 and 30 m from the edge), and 
whether an individual that had crossed the edge returned immediately to the plot. Individuals 
that approached a single edge multiple times only had the ultimate outcome recorded (i.e., 
they eventually crossed, never crossed, or crossed and returned). Edge permeability 
estimates, defined as the proportion of individuals approaching the edge that subsequently 
cross it (Stamps et al. 1987), were also calculated for each edge type. Only individuals that 
approached within 10m of the interior edges were used for these estimates so that the data 
were comparable to the estimates at the edge. Edge approaches were divided into 10m 
sections at increasing distance from the edge. 
A Chi-square goodness-of-fit test was used to determine if individuals exited from the 
plot by crossing the prairie edge less frequently than expected if movement were random. 
Expectations of random frequencies for exit direction were based on the fact that each edge 
constitutes 25% of the total perimeter ofthe plot. A Chi-square test was also used to 
determine whether individuals avoided crossing prairie edges more frequently than the three 
interior "edges" of the plot and at what distance from the edge responses were significantly 
different from behavior at the interior edges. 
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A stepwise logistic regression (SAS Institute, 1988) was used to model the influence 
of the edge (prairie vs. interior), edge type (crop, treeline, road, field), wind direction (with or 
against butterfly path), wind strength (low or high), conspecific density, flower abundance 
(low, medium, high), and week (1-10) on the probability that an individual would 1) avoid 
crossing the edge (either by turning or stopping), and 2) return to the plot if it had crossed. 
All factors, including interactions between density and each edge type as well as interactions 
between wind speed and direction, were entered into the logistic model. A significance level 
of 0.1 was used for both entry and retention in the model so any trends could be considered, 
even if they did not meet the standard 0.05 significance criteria. Density estimates were 
made by calculating the average number of individuals tracked during two minutes of 
searching. In the event that tracking D. p/exippus was cut off after 10 individuals (this 
occurred in 19 out of68 surveys), the density value was an underestimate. 
For the purposes of the logistic regression, no distinction was made between the three 
interior edges. However, a single butterfly may have approached each of the four edges of 
the plot several times during the course of a single survey. In order to ensure the 
independence of points used in the logistic regression, only the response to the first edge each 
butterfly approached was used in the analysis. While this method allowed a rigorous 
comparison between behavior at the true prairie edge and the interior edges, nearly one-third 
of the approaches towards the actual prairie edge were dropped from the analysis. Because 
behavior at the prairie edge was the focus of our study, a second analysis was performed 
exclusively on the approaches towards the prairie edge. This second analysis allowed all data 
on behavior at the true prairie edge to be retained. 
25 
Results 
A total of 72 surveys where either S. idalia or D. p/exippus were recorded were 
completed between June 21 and August 31, 1997. Table 1 shows the number of individuals 
of each species tracked at each prairie. A total of 470 S. idalia were tracked during 43 
surveys; 436 D. p/exippus were tracked during 68 surveys. 
Exit Direction 
Of the 433 S. idalia that were tracked until they left the plot, only 42 individuals 
exited by crossing the prairie edge. A Chi-square goodness-of-fit test showed that exit 
directions differed significantly from random at treeline, crop, and field edges with a strong 
bias towards individuals remaining in the prairie (Fig. 3a). The strongest response was seen 
at the treeline edge where only 4% of individuals exited the plot by crossing the prairie edge 
(X2 = 12.41, df= 3, P < 0.001). Exits at road edges did not differ significantly from random 
(X2 = 0.667, df= 3, P = 0.95). Of 412 D. p/exippus tracked, 85 exited the plot by crossing 
the prairie edge. Exit directions differed significantly from random only at the treeline edge 
(x2 = 13.13, df=3, P < 0.001; Fig. 3b). 
Edge Permeability and Range of Response (Turning Behavior) 
Boundaries were less permeable to S. idalia than to D. p/exippus (Table 2). Both 
species had the lowest permeability estimates at treeline edges, although the estimate was 
about three times higher for D. p/exippus compared to S. idalia. S. idalia showed a stronger 
response at crop and field edges compared road edges. D. p/exippus showed similar 
responses at road, field, and crop edge types. These estimates were only slightly lower than 
the estimate at the interior edges. Interior edges had the highest permeability estimates and 
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Figure 3. Proportion of individuals leaving the plot by crossing the prairie edge. 
Values less than 25% indicate a bias against crossing the edge because the prairie edge 
constitutes 25% of the perimeter of the plot. Differences between expected and 
observed values were tested using a Chi-square goodness-of-fit test. (***P < 0.001) 
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Table 2. Estimates of edge permeability for S. idalia and D. p/exippus for each edge type 
including interior edges. Edge permeability is defined by Stamps et al. (1987) to be the 
proportion of individuals approaching an edge that cross. The 95% confidence interval range 
(one-sided) is indicated in parentheses. 
Edge Type Speyeria idalia Danaus p/exippus 
Treeline 0.08 (0.10) 0.24 (0.13) 
Crop 0.29 (0.11) 0.64 (0.13) 
Field 0.25 (0.09) 0.50 (0.14) 
Road 0.43 (0.15) 0.68 (0.16) 
Interior 0.70 (0.05) 0.75 (0.05) 
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were similar for both species. 
Fig. 4 shows the proportion of individuals that avoided crossing each edge type as 
distance from the edge increased. Individuals that did not turn at 0 m subsequently crossed 
the edge. At all four edge types, S. idalia avoided crossing the edge significantly more 
frequently compared to the interior edges between 0-9 m from the edge (P < 0.001) and 10-
19 m from the edge (P < 0.001). After 20 m, however, no significant differences were found 
in turning frequencies between the five edge types. D. plexippus turned significantly more 
frequently within 10m from the edge (P < 0.001) with the strongest response at the treeline 
edges. The 20 - 29 m distance also showed a significant difference between edge types (P < 
0.05); however, this result should be interpreted with caution due to the fact that this response 
class had a small sample size resulting in expected values less than five. 
Return Behavior 
S. idalia that crossed the prairie edge returned more frequently than those that crossed 
the interior edges, and the strongest responses occurred at the crop and field edges (Fig. Sa). 
D. plexippus uniformly showed a low return rate; less than 10% of the individuals returned to 
the prairie after crossing the edge at all edge types (Fig. 5b). For both S. idalia and D. 
plexippus, only about 2% of the individuals who crossed the interior edges, returned to the 
plot. Treeline edges were excluded from this analysis because individuals that crossed the 
treeline could no longer be seen. Due to the extremely low number of individuals which 
returned after crossing the edge, the expected number of individuals returning to the plot was 
less than one. Therefore, Chi-square analyses were not possible. 
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Logistic Regression - Speyeria idalia 
For S. idalia, the data collected over the course of the summer unintentionally 
resulted in the factors week and edge type being strongly correlated. For that reason, week 
was excluded as a factor from this analysis. S. idalia has no known seasonal movements 
(Scott 1986) and no trend in movement with respect to week was noted. Because S. idalia 
were found only in the highest quality prairies, flower abundances were uniformly high at all 
sites and only two plots out of 43 were categorized as low. Therefore, low and medium 
nectar categories were combined and flower abundances were scored as either medium or 
high. One survey was identified as an outlier (circled in Fig. 6) and excluded from the 
logistic regression. This point represents the only survey completed during the course of the 
summer where there was a strong wind blowing towards the prairie edge. However, it should 
be noted that even during that survey, only seven out of 50 (14%) individuals tracked exited 
the plot by crossing the prairie edge. When this outlier was included in the analysis, the 
results were similar, but crop edges did not show a density effect. The parameter estimates of 
factors selected by the stepwise process are summarized in Tables 3 and 4 and Fig. 6. 
S. idalia were less likely to cross prairie edges as compared to interior edges only as 
conspecific density increased. The density effect was stronger at road and crop edges (Table 
3). When approaches towards the prairie edge were analyzed separately, conspecific density 
remained a significant factor, however, roads showed an increase in crossing as density 
increased although there were no surveys done at road sites with relatively high densities (Fig 
6a). Wind was a factor only in the model that included interior edges (Table 3). No factors 
were found to be significant for return behavior when only the first approach was used (Table 
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Table 4. Factors selected by the stepwise logistic procedure as affecting return behavior for 
Speyeria idalia. Results are shown for 1) an analysis where the first edge crossed was used 
and 2) when only returns after crossing the prairie edge were included. Standard errors are in 
parentheses. Significance level required for entry and retention was 0.1. Edge notations 
signify this factor was only significant when an individual was approaching the prairie edge 
as opposed to an interior edge. Graphical representations of major results are shown in Fig. 
7. (*P < 0.05, **P < 0.01, ***p < 0.001) 
Speyeria idalia 
All Edges 
Factors Chosen Parameter (SE) 
Intercept -2.56 (0.21)*** 
Density (at prairie edge) n.s. 
Field Edge n.s. 
Crop Edge n.s. 
Concordance not calculated I 
Pearson goodness-of-fit P = 0.01 
I Due to the fact that no factors were significant. 
Prairie Edge 
Parameter (SE) 
-3.27 (0.98)** 
1.61 (0.62)* * 
2.43 (0.56)*** 
2.50 (1.23)* 
79.3% 
P = 0.39 
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4), but this was probably due to the loss of data on approaches to the prairie edge because 
only the first approach for each butterfly was used. When all data for the prairie edge was 
used, the probability of return increased with increasing conspecific density (P < 0.01) and 
the overall probability ofretum was higher at crop edges at lower densities (P < 0.05; Table 
4, Fig. 6b). 
Logistic Regression - Danaus plexippus 
D. p/exippus only avoided crossing treeline edges (P < 0.001; Table 3, Fig. 7). When 
all edges were considered, higher nectar abundances decreased crossing (P < 0.05); however, 
when only approaches toward the prairie edge were analyzed, nectar dropped out of the 
model, and week became a significant factor (P < 0.01) with the probability of crossing 
increasing as the summer progressed (Fig. 7). Both analysis methods showed that wind 
blowing towards the edge of approach increased crossing (Table 3, Fig. 7). An analysis of 
return behavior was not possible because too few individuals returned to the plot (see Fig. 5). 
Discussion 
Our results show that boundaries between structurally similar habitats such as prairie 
and pasture may act as an effective barrier to movement. However, other environmental 
factors played a dominant role in determining how an individual responded to specific 
features in the landscape. S. idalia responded strongly to field edges, but only when 
conspecific densities were high (Fig. 6). Surprisingly, at high densities, the response to field 
edges was comparable to crop and treeline edges (Fig. 6). Danaus p/exippus avoided 
crossing only treeline edges. Factors such as wind and time of year were the most important 
factors influencing crossing behavior at both prairie and interior edges (Table 3, Fig. 7). We 
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Figure 7. For Danaus p/exippus, the probability that an individual will cross the 
prairie edge as the summer progresses. Lines represent estimated probabilities based 
on parameters generated by a logistic regression (See Table 4). Points represent the 
observed proportion of individuals crossing the edge during each week. The 
increased probability of crossing when wind is blowing towards the prairie edge is 
shown for crop, field, and road edges, although the same increase is estimated for 
treeline edges. 
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have also demonstrated that, along with the probability of crossing an edge, return behavior 
may have to be considered when measuring responses to edges. For S. idalia, the 
combination of both avoiding crossing an edge (Fig. 4a) and returning to the plot after 
crossing (Fig. 5a) was responsible for the overall pattern in exit direction observed (Fig. 3a). 
In contrast, the pattern of exit direction for D. plexippus (Fig. 3b) was caused solely by 
avoiding crossing an edge (Fig. 4b) rather than returning to the plot after crossing (Fig. 5b). 
This may indicate that S. idalia are somehow assessing the quality of habitat after crossing 
the prairie boundary, then returning to the plot. 
Our results demonstrate that different species respond to very different factors in the 
environment. S. idalia showed a stronger overall response to edges than D. plexippus, 
which may not be surprising considering the host plant of S. idalia is restricted to prairies and 
D. plexippus is a long-distance migrant. However, the results of this study cannot be used to 
make generalizations regarding the response of habitat specialists to edges because data on 
only one habitat specialist was collected. One reason S. idalia was chosen for study was 
because, despite its regional rarity, it is often locally abundant. There are several other 
prairie specialist butterflies resident in Iowa (Schlict and Orwig 1998), yet most of these 
species are found only in low densities, if at all. It may be that differences in edge 
permeability are responsible for the different densities observed in prairie specialists. 
With the exception of S. idalia at treeline edges, all permeability estimates were 
above 0.10, and ranged from 0.24 to 0.68 at the prairie edge (Table 2). According to Stamps 
et al. (1987), when permeability estimates are greater than 0.10, the size and shape of the 
patch are the most important factors determining the emigration rate. The emigration rate is 
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therefore most influenced by the probability of encountering an edge, which increases as 
perimeter to area ratios increase. In central Iowa, prairies tend to be square or slightly 
rectangular and, therefore, have relatively low perimeter to area ratios. However, prairies are 
also small (usually less than 10 ac) which greatly increases the probability that an individual 
will encounter an edge. In Iowa, therefore, edge permeabilities may be the most important 
factor determining emigration rates, especially for vagile species. 
S. idalia showed significant responses only within 20 m of the edge (Fig 4a.). This is 
consistent with the results of a tracking study done in South Carolina that showed three 
species of butterflies responded to a wooded edge only when within 16 m (Haddad 1997) and 
may reflect the perceptual range of butterflies. D. p/exippus was consistent in response 
throughout the range of distances studied, except for a significant increase in turning at the 
treeline between 0-9 m from the edge (Fig. 4b). The distance at which individuals avoid 
edges determines the extent to which habitat is degraded due to edges (Yahner 1988, Sisk et 
al. 1997). This loss of "core area" of habitat is often mentioned, however it has rarely been 
measured empirically. 
S. idalia formed high density aggregations within prairies. Individuals within these 
aggregations were less likely to cross the edge and were more likely to return to the prairie if 
they did cross compared to individuals outside of aggregations (Fig. 6). Many other insect 
species have been shown to form such aggregations (Turchin 1989) including aphids, beetles, 
catepillars, as well as several species of butterflies. Reduction of migration from high density 
aggregations has also been noted for other species of butterfly (Brussard et al. 1974, 
Kuussaarri et al. 1996). The cause of insect aggregations is still the subject of debate 
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(Odendaal et al. 1988) with both adaptive (i.e., protection from predators, resource 
concentration) and incidental ("hilltopping", males investigating each other) explanations 
being offered. Although we did not collect data to specifically test the details of the above 
explanations, our results do not support the predictions of the incidental hypothesis. This 
hypothesis predicts that individual movement is not directed at remaining in aggregations, 
but that other factors (i.e., hilltopping or males continually investigating each other) cause the 
clumped distribution of individuals. Our data, however, showed that individuals actively 
avoided crossing the prairie edge significantly more often when in high densities, thus 
causing them to remain in the aggregations. 
The observation that S. idalia reacts to edges differently when in high densities has 
important implications for conservation. If individuals in low-density patches are more likely 
to emigrate, stochastic events causing populations to decline may be exacerbated. 
Reestablishing a population after extinction may also be less likely, an example of the 
"Allee" effect (Allee 1931), because initial densities after recolonization will necessarily be 
low. Kuussaari et al. (1998) documented a lower population growth rate in lower densities in 
the Glanville fritillary butterfly (Melitaea cinxia). They attributed this both to increased 
emigration and lower female mating success. The density effect on crossing behavior may 
also have implications for corridor use. Corridors of habitat between patches have been 
suggested to reduce isolation in fragmented systems, but have remained controversial due to 
a lack of empirical evidence supporting their use (Rosenberg et al. 1997). Edge reflectance 
has been suggested to be a predictor for targeting species likely to respond to corridors as a 
management tool (Soule and Gilpin 1991, Haddad 1997, Schultz 1998). By those criteria, 
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our results superficially indicate that S. idalia would be an ideal candidate for this type of 
management; overall, we found a strong reflective bias at edges. However, the fact that at 
low densities, individuals showed a reduced response to edges may mean that S. idalia 
movement may not be directed by corridors because densities in corridors are likely to be 
extremely low. In order to mitigate this effect, managers could take advantage of the fact 
that certain edge types, such as treelines, tend to elicit a stronger response. In addition, the 
possibility that individuals respond differently within corridors compared to patches must be 
considered (Lima and Zollner 1996). 
Surprisingly, S. idalia did not appear to respond to road edges as barriers to 
movement (Fig. 3a), and the results of the logistic regression suggested increasing densities 
increased, rather than decreased, the probability of crossing the edge (Fig. 6a). However, the 
results of the logistic regression may have been an artifact of a slight increase in crossing 
within the low range of densities observed compared to the other three edge types. The fact 
that surveys done at road edges had relatively low densities may in itself explain the lack of 
response to road edges. Alternatively, individuals may be responding to some unknown 
factor in the local environment near roads, such as differences in temperature or the reflective 
nature of roads. All road plots were located near gravel roads and some butterflies are known 
to be attracted to gravel roads; however, no individuals were observed landing on the road 
during the surveys. 
Wind influenced the movement of D. p/exippus much more so than S. idalia. For S. 
idalia, the one survey where there was a strong and steady wind blowing towards the prairie 
edge caused enough of an increase in crossing and decrease in returns to affect the results of 
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the logistic regression. But even in that extreme case, only seven individuals out of 50 exited 
the plot by crossing the praire edge. Wind did appear as a significant factor in the analysis 
of first approaches (Table 3) which indicates that wind did increase crossings at interior 
edges. When only approaches towards the prairie edge were analyzed (excluding the outlier), 
wind was not a significant factor. Wind exerted a much greater influence on the movement 
direction of D. plexippus. However, this may be indicative of the weak response of D. 
plexippus to prairie edges rather than a lesser ability of D. plexippus to control their flight 
direction with respect to the wind. D. plexippus were more likely to cross any edge of the 
plot (prairie or interior) when the wind was blowing towards it (Table 3). 
High nectar abundance decreased the probability that D. plexippus would cross an 
edge when data using all edges were included, although that result wasn't significant (P = 
0.09). However, nectar abundance dropped out of the model when only behavior at the true 
prairie edge was considered. This may be due to individuals turning more frequently within 
prairies (thus flying along a more convoluted path), without affecting responses to the true 
prairie edge. S. idalia did not show a significant response to nectar abundance (Table 3). 
However, this result can not be used to draw conclusions regarding the sensitivity of S. idalia 
to nectar availability. In this study, S. idalia were only found in the highest quality prairies 
where flower abundances were generally high. Nectar, therefore, may not have been a 
limiting resource for S. idalia in this case. D. plexippus were more likely to cross plot edges 
(prairie edges as well as interior) towards the end of the summer (Fig. 7), which coincides 
with their southward fall migration (Brower 1996). Haddad (1997) showed that during 
migratory periods, some butterflies are less likely to be deflected from their path, and this 
may have occurred in this case. 
Conclusions 
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Butterflies have the ability to detect and respond to subtle differences in habitat 
structure, but their responses can be strongly influenced by other local environmental 
conditions. Our results indicate that the responses of butterflies to prairie edges are highly 
variable, and dependent on the species, edge characteristics, and the local environment 
experienced by an individual. In contrast to earlier studies (Fry and Robson 1994, 
Kuussaarri 1996), we found that individuals can show strong responses to even subtle 
differences in vegetation structure. The factors that influenced edge permeability were very 
different for S. idalia and D. plexippus, as was the range of their responses. The extent of 
this variability suggests that when estimating movement parameters, the influence of local 
conditions will have to be considered. It is clear from our results that in order to build a 
general framework of how the landscape affects movement, responses of several species in a 
variety of environments needs to be measured. 
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CHAPTER 3: THE CONSERVATION VALUE OF ROADSIDE 
RESTORATION TO BUTTERFLIES IN CENTRAL IOWA. 
A paper to be submitted to the Prairie Naturalist 
Leslie Ries and Diane M. Debinski 
Abstract 
Restoring roadsides to native vegetation can potentially benefit wildlife both by 
adding habitat and restoring connectivity between fragmented grassland reserves. Although 
the presence of many species has been documented in roadsides, little is known about the true 
conservation value of these habitats. We tested the potential benefits of restoring central 
Iowa roadsides to prairie by surveying butterflies (Superfamily Papilionoidea) in roadsides 
dominated by grasses, non-native forbes (weeds), or restored prairie vegetation. Roadside 
sites were set up 0.4, 0.8 and 1.6 km from source prairies. Species richness of grassland 
butterflies relatively intolerant of disturbed habitat showed no significant associations based 
on roadside type or distance to closest prairie. These species were rare and, therefore, a 
greater sampling effort may be required to detect a pattern. Of the three common butterflies 
surveyed, Danaus p/exippus and Everes comyntas differed significantly in abundance based 
on roadside type with higher numbers found in restored roadsides. Distance to the closest 
prairie was not a significant factor affecting abundances, and only D. p/exippus showed a 
positive relationship with the abundance of conspecifics in the closest prairie. Roadside 
restoration probably adds habitat for the most common species, but more research is needed 
to demonstrate a benefit for rarer grassland species. In addition, the possibility that 
roadsides may act as population sinks needs to be addressed. 
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Introduction 
Since the development of island biogeography theory (MacArthur and Wilson 1963), 
the ability of an increasingly fragmented system of natural reserves to support viable 
populations or retain species diversity for extended periods has been brought into question 
(Diamond 1975). The problem is not just loss of habitat, but isolation, which puts 
populations at greater risk of local extinction (Brown and Kodric-Brown 1977, Lande 1988, 
Saccheri et al. 1998). Roadside vegetation, which occupies at least 8.1 million hectares of 
land in the United States (Adams and Geis 1983), has been suggested as a resource both to 
add habitat and restore connectivity between fragmented reserves (Bennet 1991). 
Although the presence of roads is often considered to have a negative impact on 
wildlife, the amount of land dedicated to roadside vegetation is substantial. Therefore, the 
benefit roadsides may offer wildlife is crucial information. For many regions where habitat 
loss has been severe and human presence is well established, roadside restoration offers 
possibly the best hope for major additions to the regional system of reserves. Recently, many 
governments, nationally and internationally, have instituted policies that begin to restore 
roadsides to native vegetation, although primarily for the purpose of weed and erosion 
control. While several studies (see below) have documented the use of roadsides by wildlife, 
little is known about the true value this habitat offers to conservation. The purpose of our 
study was to explore the conservation value of restored roadsides to grassland butterflies 
(Superfamily Papilionoidea) in central Iowa. 
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Roadsides as additional habitat 
The use of roadside vegetation as habitat has been documented for several small-
bodied animals, including birds (Laursen 1981 , Warner et al. 1987, Arnold and Weeldenburg 
1990, Cale 1990, Carroll and Crawford 1991, Camp and Best 1994), small mammals (Getz et 
al. 1978, Woodward 1990), insects (Munguirraand Thomas 1992, DeMers 1993, Vermuellen 
1993, Eversham and Telfer 1994), snails (Baur and Baur 1992), and reptiles and amphibians 
(Way 1977). Often, a large percentage of the regional fauna is represented in roadside 
surveys and breeding is frequently documented. Way (1977) claims that of all the species 
found in the British Isles, 40% of the mammals, 100% of the reptiles, 20% of the birds, 42% 
of the butterflies, 47% of the bumble bees, and 83% of the amphibians can be found breeding 
in roadside vegetation. 
While the use of roadsides by many species has been well-documented, 
demonstrating the value of this habitat is much more difficult. Most species found in 
roadsides are common throughout the landscape, although rare species have been 
documented, especially when native vegetation is maintained (Bennet 1991). However, the 
possibility that roadsides are acting as population sinks (Pulliam 1988) is rarely explored 
(Eversham and Telfer 1994). Source/sink dynamics in roadsides may have serious 
implications for the conservation of species on a regional scale. Mader (1984) argues that 
unless roadsides are linked to suitable habitat, they may cause individuals to disperse into 
J.- ' ... J 'y''' [ \I'l()\ I'" 1, 
unsuitable areas and risk not reproducing. Pulliam and Danielson (1991) showed that 
increasing the amount of sink habitat in the landscape relative to source habitat has the 
potential to decrease the overall population size even as the amount of total habitat increases. 
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There are several potentially negative consequences of using roadside vegetation as 
habitat. Lalo (1987) estimated that one million vertebrates are killed everyday by cars in the 
United States, although some studies suggest mortality from vehicles to be only a minor 
contributor to the overall death rate of some popUlations of small animals (Bennet 1991). 
Almost no work has been done on road mortality in invertebrates. Munguirra and Thomas 
(1992) found that road mortality for butterflies was high, yet minor compared to other causes. 
Riffle (unpublished data) documented road mortality of several species of dragonflies and 
found that there may be an impact on some species, especially where most individuals killed 
were females. 
Yanes et al. (1995) claims roads are one of the main obstacles to dispersal in 
vertebrates and advocates the importance of culverts to increase permeability. Small 
mammals (Mader 1984, Merriam et al. 1989) and beetles (Mader 1984) have shown a 
reluctance to cross roads, although Munguirra and Thomas (1992) showed some species of 
butterflies will readily cross roads. Roadsides are also subject to contamination from 
passing cars. Scanlon (1987) found higher concentrations of several heavy metals in soil, 
vegetation, earthworms, and small mammals in roadsides and noted the potential for bio-
magnification. 
Roadsides as corridors or stepping stones between habitat 
The idea that corridors or stepping stones between habitat "islands" can mitigate the 
problems of fragmentation has become extremely popular with conservationists (Noss and 
Harris 1986, Noss 1987, Mann and Plummer 1993) but remains controversial due to a lack of 
empirical evidence and the potential drawbacks such as spread of disease (Hobbs 1992, 
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Simberloff et al. 1992, Hess 1994). The lack of evidence stems mainly from an absence of 
well designed studies rather than direct evidence controverting the potential usefulness of 
corridors. Rosenberg et al. (1997) describe the few studies that have been designed to test the 
effects of corridors and indicate that there is some evidence that they may add habitat for 
some species, but very few studies have demonstrated increased movement between patches. 
One of the main criticisms of corridors is that the high cost of creating them could be better 
spent on other conservation priorities (Mann and Plummer 1993). However, roadside 
vegetation is a permanent part of the landscape and is already being actively managed at 
some level. If corridors are a useful tool for conservation, roadsides may offer a source of 
this type of habitat with little being taken away from other programs. However, as with most 
proposed corridor systems, there is no direct evidence that roadsides accomplish the main 
goal of corridors: to reduce isolation of populations in larger habitat patches or reserves. 
Movements of organisms along roadside vegetation have been documented for sugar 
gliders (Suckling 1984), carabid beetles (Vermeulen 1993 and 1994), and birds (Arnold and 
Weeldenberg 1990). Bennet (1990) offers anecdotal evidence of native roadside vegetation 
being used as a corridor. He describes individuals of several species of Australian small 
mammals moving between two large patches through roadside vegetation. He suggested that 
the roadsides increased gene flow between patches, but did not demonstrate this directly. 
Getz et al. (1978) presented evidence that two species of micro tine rodent (Microtus 
ochrogaster and M pennsy/vanicus) have used interstate roadsides to expand their range. 
DeMers (1993) indicated that the use of roadside ditches has been the most important factor 
of the northern range expansion of the western harvester ant (Pogonomyrmex occidentalis) 
53 
Objectives 
The main objective ofthis study was to test the following hypotheses: that restoring 
roadsides would increase the richness and abundance of butterflies and that, for butterflies 
associated with grasslands, as distance to a source habitat (prairie) increased, the richness and 
abundance would decrease. To accomplish this, butterflies that are associated with open 
habitat were surveyed. Species were then divided into those tolerant of disturbed habitat 
(called disturbance tolerant) and those that are not (called grassland species). By focusing 
on the abundance and distribution of these two groups of butterflies both in and outside of 
prairies, we obtained preliminary data indicating how roadside vegetation may benefit 
butterfly populations and how management techniques may help increase the value of 
roadside vegetation. 
Prairies and Roadside Management in Iowa 
Prairie is considered to be one of the most endangered ecosystems in the United 
States (Smith 1981). Most affected is the tallgrass prairie with a decline in total area 
estimated at between 82 and 99%, more than any other major ecosystem in North America 
(Sampson and Knopf 1994). Iowa has been one of the most severely impacted state, with 
less than 0.01% of the original tallgrass prairie remaining (Sampson and Knopf 1994). 
Iowa has also earned the distinction of having the highest density of roads in the 
United States, where there is estimated to be 179,000 km of road encompassing 600,000 
acres of land (Kern, pers. comm.). These roadsides were traditionally managed using 
aggressive mowing and spraying techniques to control invasive weeds. Recently, however, 
several Iowa counties have begun an Integrated Roadside Vegetation Management (IRVM) 
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program. IRVM involves restoring roadsides to native vegetation and restricting the use of 
herbicides to control a few nuisance species. IRVM is generally implemented for the 
purpose of weed and erosion control, but another goal of the program is to benefit wildlife. 
The uneven implementation ofIRVM management both within and among counties has 
resulted in a great deal of variation in the quality of roadsides in Iowa. Most roadside 
vegetation in central Iowa remains a uniform mono culture of exotic grasses, but many now 
have thickets of non-native flowers and a small, but growing number are dominated by native 
prairie grasses and wild flowers. 
The Status of Grassland Butterflies in Iowa 
The health of an ecological system can often be gauged by its assemblages of species. 
Butterflies are a particularly useful group in this regard because they display a wide range of 
tolerances to habitat disturbances, are relatively well known, and their host-plant 
relationships are well described. Thus, butterflies are an excellent model group to explore 
the conservation value of roadside vegetation. Many of the plants included in native seeding 
projects act as larval host plants or nectar resources for several species of butterfly. 
The Iowa Natural Resource Commission lists two species oflowa butterflies as 
endangered, five as threatened, and 25 as species of special concern. Schlict and Orwig 
(1998) expanded this list to include eight species listed as critically endangered (only known 
in one to five sites), 15 as endangered and 21 as threatened. They also listed one butterfly, 
the Dakota skipper (Hesperia dacotae), a prairie specialist, as extinct in Iowa. Ofthe 44 
species included on their list, 21 are considered prairie specialists, including seven in the 
superfamily Papilionoidea. Not surprisingly, the main reason given for the decline of so 
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many of these butterfly species is the loss of habitat. 
Study Area and Methods 
Story and Hamilton Counties in central Iowa were used as a focus for our study (Fig. 
1). Roadside management differs markedly between these two counties. Hamilton County 
maintains an aggressive herbicide and mowing program, resulting in roadsides that are fairly 
uniform and dominated by non-native grasses. However, some weedy areas persist, as do a 
very few areas with some native remnant prairie species (B. Holt, pers. comm., Hamilton 
County Roadside Manager). 
Story County, on the other hand, has been actively restoring roadsides to native 
vegetation since 1988 (Kooiker, pers. comm., Story County Roadside Manager). The 
reduction of aggressive spraying and mowing in Story County has allowed many of the 
roadsides to become dominated by non-native weeds, predominantly legumes such as crown 
vetch (Coronilla varia), yellow sweet clover (Melilotus officianalis), and alfalfa (Medicago 
sativa). Most roadsides are not aggressively managed unless they contain weeds that are a 
nuisance to farmers such as Canada thistle (Cirsium arvense). Some of the native seeding 
projects have been very successful and the areas contain vegetation dominated by prairie wild 
flowers and grasses, such as big blue-stem (Andropogon gerardii), compass plant (Si/phium 
lancialatum) and purple prairie clover (Daleapurpurea) are often present. However, most 
areas that have been seeded with prairie vegetation remain dominated by non-native grasses 
and weeds (Ries, pers. obs.). 
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Study Sites 
Three study areas were surveyed; two in Story County and one in Hamilton County. 
The first area (Fig. 1a) contains three prairies and 17 roadside sites. The second area (Fig. 
1 b) contains one prairie and five roadside sites. The third area (Fig 1 c) contains four prairies 
and 20 roadside sites. Distance measurements began at the point along the roadside closest 
to the prairie. Direction of travel from the source prairie occurred towards other prairies in 
the cluster (See Fig. 1). Additional study sites were established outside the 1.6 km distance 
treatment in order to complete the "link" between prairies. All roadside sites chosen were 
classified into three categories based on the composition of their vegetation: grassy (~95% 
grass cover), weedy (>20% cover of non-native wild flowers), and restored (>20% cover of 
native wild flowers). 
Although these classifications are based solely on the vegetation, they are a reflection 
of the management regime used in the area. The area in Hamilton County (Fig. 1 c), where 
aggressive weed control measures are used and no planting programs exist, showed the 
highest number of grassy sites. The two areas in Story County (Fig. 1a,b), where IRVM is 
practiced contained all of the restored sites and a higher percentage of weedy areas. Of the 
42 roadside survey sites established for this study, only five (12%) were categorized as 
restored, while 16 (38%) were classified as grassy, and 21 (50%) were classified as weedy. 
Site selection was restricted by the composition of the existing landscape, so sites were not 
stratified by type and distance. 
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Plot Set-up and Survey Protocol 
Each plot was 50 m long and as wide as that roadside. Exact study sites were 
determined by choosing the side of the road with the greatest flower abundance. A 50 m 
allowance in choosing the study site was adopted so that a significant flower cluster could be 
included in the study site. This non-random site selection was used because an isolated 
clump of flowers may attract all the local butterflies if no other nectar sources are available. 
This protocol only affected the selection of grassy sites. Survey sites within prairies were 50 
m long and 12.5 m wide. Two transects were established in the six largest prairies and one 
transect in the two smallest prairies. 
Surveys were completed between 30 July and 2 September 1996. Surveys were 
conducted between 1000 and 1900 h on sunny days with relatively low wind, which are 
conditions most conducive to butterfly activity. All sites were surveyed at least once during 
the summer, with some surveyed twice. Surveys lasted 10 min per transect. The search time 
was divided so that each half of the transect was searched for 5 min. This search time did not 
include time spent catching, identifying, or recording information about each butterfly. 
Butterflies were identified either in flight or were netted for identification. A stopwatch was 
used to keep track of time remaining for each survey. All three members of the family 
Pieridae seen during the survey (Colias eurytheme, C. philodice, and Pieries rapae) were 
lumped together due to the difficulty in identifying them in flight. All three species are 
widespread with a preference for open, disturbed habitat (Scott 1986). For each survey 
completed, the number of flowering plants in the roadside were categorized as none, low 
(ones or tens), medium (hundreds), or high (thousands). 
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Data Analysis 
Disturbance-tolerant and grassland species were analyzed separately due to their 
different patterns of abundance. Disturbance-tolerant butterflies were common enough that 
each could be analyzed separately for patterns of abundance using ANDV A ( SAS Institute, 
1988). Sites were blocked based on the closest prairie. If a survey was done more than once, 
the mean value was used for analysis. Due to the rarity of grassland butterfly species 
throughout the landscape, species richness was measured categorically. Because some sites 
were only surveyed once, for the analysis of grassland species richness, only data from the 
first survey at each site were used. Overall abundances of all individuals combined were 
compared among roadsides and between prairie and roadsides. 
Patterns of flower abundance for weedy and restored sites were compared using a 
contingency table to determine to what extent flower abundance and roadside type was 
confounded. Because grassy sites were those that contained less than five percent cover of 
flowers, it was expected, a priori, that there would be a relationship between grassy sites and 
low flower abundances. Weedy and restored classifications, however, were based on whether 
species were native and therefore there was no a priori reason to assume that flower 
abundances would differ. Analysis was therefore restricted to these two groups. 
Results 
Table 1 shows the number of individuals of each species observed throughout the 
study, grouping them according to their tolerances for disturbed habitat. In addition to the 
three species of Pierids, ten other butterfly species were observed during the study; eight of 
which were recorded in roadsides. All of the disturbance-tolerant species were fairly 
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common in both roadsides and prairies. Two grassland species were common in prairies, but 
all were rare in roadsides, and when seen, only one (seldom two) individuals were present. 
No species listed as a conservation priority was seen in any of the roadside surveys, although 
the regal fritillary (Speyeria idalia) was recorded in two of the eight prairies. 
The ANOVA showed a significant difference in the total number of butterflies found 
in the different roadside types (F = 6.25, df= 2, P < 0.01). Among roadsides, restored sites 
showed the highest mean number oftotal individuals and species per survey, followed by 
weedy then grassy sites (Table 1). Overall mean abundances in prairies were higher than 
roadsides (F = 18.86, df=l, P<O.OOOI). The total number of species observed for each 
roadside type was lowest for grassy roadsides, but similar among weedy, restored, and prairie 
sites. 
No distinct pattern emerged in the distribution of grassland butterflies in roadsides, 
although some trends are noted. At 24 of the 42 roadside sites surveyed, no grassland 
butterflies were found. Sixteen sites had one species of grassland butterfly present and only 
two sites had two species present. Table 2 presents contingency tables comparing the 
number of grassland species observed in roadsides to roadside type, distance to the closest 
prairie, and grassland species richness in the closest prairie. As roadside type progressed 
from grassy to restored, a higher percentage of surveys contained one or more grassland 
species. Surprisingly, a higher percentage of surveys contained one or more grassland 
species the further the sites were from a source prairie. No trend was noted when comparing 
richness in roadsides to the closest prairie. No statistically significant association was found 
between grassland butterfly species richness and any habitat factors we measured. 
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Table 2. Contingency tables showing the number of surveys where zero, one, or two 
grassland species were observed, based on a) roadside type, b) distance from closest prairie, 
and c) the maximum number of grassland species seen during surveys in the closest prairie. 
Percentages of occurrences of each value are shown in parentheses. In all cases, the row 
values do not show a significant association with column values. 
Number of Grassland Species 
a) Roadside type 0 1 2 
Grassy 11 (69%) 5 (31%) 0 
Weedy 11 (55%) 8 (40%) 1 (5%) 
Restored 2 (33%) 3 (50%) 1 (17%) 
b) Distance to 
closest Qrairie 
If.! Mile 8 (73%) 2 (18%) 1 (9%) 
~Mile 7 (64%) 4 (36%) 0 
1 Mile 8 (53%) 7 (47%) 0 
> 1 Mile 1 (20%) 3 (60%) 1 (20%) 
c) Richness in 
closest Qrairie 
0 5 (72%) 1 (14%) 1 (14%) 
2 14 (52%) 13 (48%) 0 
3 5 (63%) 2 (25%) 1 (12%) 
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Disturbance-tolerant species differed from each other in their patterns of abundance. 
Roadside type was a significant source of variation for both D. p/exippus and E. comyntas. 
For both species, restored sites had the greatest average number of individuals (Fig. 2). 
Pierids did not show a significant relationship with roadside type, although there was still a 
trend of weedy and restored roadsides having more individuals than grassy sites. The 
distance from prairie did not significantly affect abundances in any of these three groups 
(Fig. 3). 
Blocking roadside sites by the closest prairie was a significant source of variation for 
abundances of both D. p/exippus (P < 0.05) and the Pierids (P < 0.01), but not E. comyntas (P 
= 0.67). For the Pierids, however, this result was strongly affected by surveys at one ofthe 
prairie blocks. When sites associated with this block were dropped from the analysis, the 
remaining seven prairie blocks were no longer a significant source of variation for Pierids (P 
= 0.55). There was a weak relationship between the abundance of D. p/exippus in the 
roadsides and the closest prairie, but no relationship for E. comyntas or the Pierids (Fig. 4). 
As expected, grassy sites showed the lowest abundance of flowers. Restored 
roadsides had the most sites with high flower-abundance ratings, while weedy sites were 
more variable (Table 3). The uncertainty coefficient measure of association (SAS Institute, 
1988) indicated that 18% (± 8%) of the variation in flower abundance class could be 
explained by roadside type. 
Discussion 
Roadside type had the strongest association with the distribution of common 
butterflies in roadside habitat. D. p/exippus and E. comyntas showed a significant response 
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Figure 2. Mean abundances of a) Danaus plexippus, b) Everes comyntas, and c) Pierids 
based on roadside type. An ANaVA tested for significant differences among the three 
roadside types, and significance levels are indicated for all three groups. Standard errors 
are also shown. 
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Figure 3. Mean abundances of a) Danaus p/exippus, b) Everes comyntas and c) 
Pierids as distance from the closest prairie increases. A best fit line is shown, 
although none showed a significant response to distance based on ANOVA results. 
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Figure 4. Mean abundance of a) Danaus p/exippus, b) Everes comyntas, and c) 
Pierids based on mean abundance of conspecifics in the closest prairie. R -squared 
values and best fit lines are shown. 
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Table 3. The relationship· of flower abundance and roadside type. Flower abundance ratings 
are based on having approximately zero (none), ones or tens (low), hundreds (medium) or 
thousands (high) of flowering plants found during a survey. Percentages of ratings for each 
roadside type are shown in parentheses. 
Roadside Type 
Flower Abundance Grassy Weedy Restored 
None 9 (45%) 0 0 
Low 11 (55%) 8 (40%) 0 
Medium 0 10 (50%) 2 (33%) 
High 0 2 (10%) 4 (67%) 
Total 19 20 6 
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to roadside type with higher abundances in restored compared to grassy and weedy roadsides 
(Fig. 2a,b). Although there was no significant association between roadside type and 
abundance of Pierids or the number of grassland butterfly species, both showed a trend 
towards occurring more frequently in weedy and restored roadsides over grassy ones (Fig. 
2c, Table 2). Pierids were common, but there was a great deal of variability in their 
abundances, which may be responsible for the lack of significant association with habitat 
type. The presence of grassland butterflies was a rare event in roadsides. Therefore, if a 
pattern in their distribution exists, more sampling will be needed to detect it. However, the 
fact that no strong pattern was detected after sampling 42 sites may indicate that any pattern 
is likely to be a weak one. 
There was no relationship between distance from prairie and abundance of common 
species (Fig. 3) or richness in rare ones (Table 2). No trends were noted for abundance 
levels in D. p/exippus, E. comyntas, or the Pierids (Fig. 3). This is not a surprising result for 
E. comyntas and the Pierids, both of which are generalists, or for the monarch which can 
easily travel one mile in a short time. Grassland species exhibited a weak (but not 
significant) trend of higher species richness farther from the prairie (Table 2). Ifprairies 
were serving as a source of individuals, higher richness would be expected closer to the 
prairie source, yet this was not the case. However, species may respond at different spatial 
scales, which may be masked by using richness as a measure. For instance, the average 
distance moved from a natal site varies widely among species (Scott 1986). Grouping 
species by average distance moved from natal site would control for those differences and 
allow a pattern to be detected. Our small sample sizes do not allow such an analysis. 
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One striking result of this study was the low number of grassland species found both 
in and outside of prairies. Most sites surveyed only contained the most common species. 
Grassland species were rare in all roadside types and, when present, generally only one 
individual was observed. The rarity of such species indicates that much more intensive 
sampling will be necessary to rigorously test for effects of roadside vegetation on grassland 
butterflies. However, several interesting patterns did emerge and begin to suggest the role 
roadside vegetation may play in the distribution and abundance of common species and the 
conservation of grassland species. 
The species that were abundant in roadsides had host plants that were likewise 
abundant. The Pierids and E. comyntas can use many of the most common weedy species as 
host plants (i.e., many species of clover including red and white clover, Trifolium repens and 
T pratense and alfalfa, Medicago sativa). Milkweeds (Asclepias sp.), the host plant of D. 
plexippus are also abundant in roadsides. The most common grassland butterfly found in 
roadsides, the black swallowtail (Papilio polyxenes) also has host plants that form dense 
stands in roadsides. These include wild carrot (Daucus carota, listed as a noxious weed in 
Iowa) and wild parsnip (Pastinaca sativa), also very abundant. Most of the remaining 
grassland species, which were rare in roadsides, have host plants that are generally restricted 
in their distributions. One exception to this pattern was the Gorgone checkerspot (Chlosyne 
gorgone). Only one individual was seen throughout the entire summer, despite the fact that 
its host plants, which include giant ragweed (Ambrosia trifida), are commonly found 
throughout the landscape as well as in roadsides. Although we did not test the importance of 
host plant distribution specifically, the pattern is fairly strong and is worthy of further study. 
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This pattern suggests roadside prairie restoration may indeed confer a benefit to species with 
host plants of limited distribution, although the possibility that roadsides may act as sinks 
will have to be explored. 
Of all the grassland butterflies observed during the survey, the regal fritillary 
(Speyeria idalia) has the most restricted host plant distribution. In Iowa, its primary host 
plant is the prairie violet (Viola pedatifida). This violet is generally only found on prairies 
that have never been plowed (Debinski and Kelly 1998) and is not included in roadside 
seeding projects and rarely even in prairie restorations. Ries and Debinski (in prep.) showed 
that S. idalia rarely crossed prairie edges which may explain why it was not observed in 
roadsides. Great spangled fritillaries (Speyeria cybele) were also found in prairies, but not 
roadsides. S. cybele is a much more widespread than S. idalia, and its host plant, the 
common blue violet (V. papilionacea) is commonly found in moist woods and in roadsides. 
With very few exceptions, restored and even weedy roadside vegetation does not exist 
as a continuous corridor between two prairies. Therefore, at present restored roadsides can 
only act as stepping stones between fragments, but this may change as IRVM programs 
expand throughout the state. The fact that even the highest quality roadside sites had only 
one or two species of grassland butterflies, with rarely more than one individual present, may 
indicate that individuals are sensitive to gaps in the roadside vegetation. These species may 
also be edge sensitive and roadsides may be too narrow to support them. 
Our data were not able to clearly distinguish between the effects of quantity versus 
quality of vegetation. While this distinction is trivial for the grassy roadsides (they are, by 
definition, low in flower abundance), the difference between quantity and quality of 
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vegetation is an important issue for the weedy and restored roadsides because the cost of 
restoring roadsides is significantly higher than simply allowing weeds to recolonize. 
Restored roadsides tended to have higher abundances and greater species richness. 
However, they also tended to have higher abundances of flowers (Table 3). This pattern is 
not surprising considering restored roadsides were actively planted with a mixture of wild 
flower seeds while weedy roadsides relied on colonization. One reason a significant 
association was not found between roadside type and flower abundance may be due to the 
method of estimation. Using order of magnitude estimates means that there will be a great 
deal of variation in abundance within a category. More data will have to be collected before 
this issue can be resolved quantitatively. Because quantity and quality are confounded in 
this study, we were not able to distinguish which factor was most important. However, the 
association between specific butterfly presence and host plants found in roadsides indicates 
that butterfly communities in roadsides may be limited by plant diversity. 
Conclusions 
This preliminary study suggests that altering roadside management can influence 
butterfly abundances and richness. Roadsides restored to prairie had the highest average 
number of individuals, and species richness seen per survey. Weedy roadsides showed 
higher average abundances and species when compared to grassy sites. The prevalence of 
each roadside type is a direct result of management, although more data collection is 
necessary to detennine the impact of these management regimes. 
Whether restored roadsides are benefitting grassland butterflies by adding more 
habitat and restoring connectivity, harming them by trapping individuals in an area where 
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they have little chance of reproduction, or having no effect at all remains unclear. Both 
weedy and restored roadsides are likely adding habitat for groups such as Pierids and E. 
comyntas, however these species are not considered at risk and the conservation value is 
therefore questionable. Whether the addition of roadside habitat is significantly benefitting 
D. p/exippus populations is unknown. Finally, the issue of whether roadsides restore 
connectivity between reserves remains unresolved. More intensive research is needed, and 
rigorous empirical studies may not be possible until more roadsides have been successfully 
restored. 
Acknowledgments 
We thank Brent Danielson, Sarah Nusser, and Tom Baker for assistance in project design and 
also for reviewing our original manuscript. Jennifer Peyser provided assistance in the field. 
Cindy Hildebrand helped locate sites for study and allowed to do surveys on her property. 
Other landowners who allowed us access to their property include Dorothy Welp, Jacqueline 
Hill, LaVonne Grove, Steve Larson, and Holub Gardens. Sarah Nusser and Kari Jovaag 
gave valuable data analysis assistance. Mike Jensen assisted with developing the GIS 
coverage of the study sites. 
Literature Cited 
Adams, L. W., and A. D. Geis. 1983. Effects of roads on small mammals. Journal of 
Applied Ecology. 20:403-415 . 
. Arnold, G. W., and J. R. Weeldenburg. 1990. Factors detennining the number and species 
of birds in road verges in the wheatbelt of west em Australia. Biological Conservation 
53:295-315 . 
. Bennet, A. F. 1990. Habitat corridors and the conservation of small mammals in a 
fragmented forest environment. Landscape Ecology 4:109-122. 
73 
Bennett, A. F. 1991. Roads, roadsides and wildlife conservation: a review. Pages 99-118 in 
Saunders, D. A. and R. J. Hobbs, eds. Nature Conservation 2: the Role of Corridors. 
Chipping Norton (Australia): Surrey Beatty and Sons. 
· Brown, J. H. and A. Kodric-Brown. 1977. Turnover rates in insular biogeography: effect of 
immigration on extinction. Ecology 58:445-449. 
· Baur, A., and B. Baur. 1992. Effect of corridor width on animal dispersal: a simulation 
study. Global Ecology and Biogeography Letters 2:52-56. 
· Cale, P. 1990. The value of road reserves to the avifauna of the central wheatbelt of western 
Australia. Proceedings of the Ecological Society of Australia 16:359-367. 
· Camp, M., and L. B. Best. 1994. Nest density and nesting success of birds in roadsides 
adjacent to rowcrop fields. American Midland Naturalist 131:347-358. 
, Carroll, J. P., and R. D. Crawford. 1991. Roadside nesting by gray partridge in north-central 
North Dakota. Wildlife Society Bulletin 19:286-291. 
Danielson, B. J. 1992. Habitat selection, interspecific interactions and landscape 
composition. Evolutionary Ecology 6:399-411. 
· Debinski, D. M., and L. Kelly. 1998. Decline oflowa populations of the regal fritillary 
(Speyeria idalia) Drury. Journal ofthe Iowa Academy of Sciences 105: 16-22. 
· DeMers, M. N. 1993. Roadside ditches as corridors for range expansion of the western 
harvester ant (Pogonomyrmex occidentalis Cresson). Landscape Ecology 8:93-102. 
· Diamond, J. M. 1975. The island dilemma: Lessons of modern biogeographic studies for the 
design of natural reserves. Biological Conservation 7:129-146. 
· Eversham, B. C., and M. G. Telfer. 1994. Conservation value of roadside verges for 
stenotopic heathland Carabidae: corridors or refugia? Biodiversity and Conservation 
3:538-545. 
· Getz, L. L., F. R. Cole, and D. L. Gates. 1978. Interstate roadsides as dispersal routes for 
Microtus pennsylvanicus. Journal ofMarnmology 59:208-212 . 
. Hess, G. R. 1994. Conservation corridors and contagious disease: a cautionary note. 
Conservation Biology 8:256-262 . 
. Hobbs, R. J. 1992. The role of corridors in conservation: solution or bandwagon? Trends in 
Ecology and Evolution 11:389-391. 
74 
. Lalo, J. 1987. The problem of road kill. American Forests 72:50-52 . 
. Lande, R. 1988. Genetics and demography in biological conservation. Science 241:1455-
1439. 
, Laursen, K. 1981. Birds on roadside verges and the effect of mowing on frequency and 
distribution. Biological Conservation 20:59-68. 
MacArthur, R. H., and E.O. Wilson. 1963. An equilibrium theory of insular zoogeography. 
Evolution 17:373-387. 
· Mader, H. J. 1984. Animal habitat isolation by roads and agricultural fields. Biological 
Conservation 29:81-96. 
· Mann, C. C., and M. L. Plummer. 1993. The high cost of biodiversity. Science 260:1868-
1871. 
'Merriam, G., M. Kozakiewicz, E. Tsuchiya, and K. Hawley. 1989. Barriers as boundaries 
for metapopulations and demes of Peromyscus /eucopus in farm landscapes. 
Landscape Ecology 2:227-235. 
· Munguira, M. L. and J. A. Thomas. 1992. Use of road verges by butterfly and burnet 
populations, and the effect of roads on adult dispersal and mortality. Journal of Animal 
Ecology 29:316-329. 
· Noss, R. F. 1987. Corridors in real landscapes: a reply to Simberloff and Cox. Conservation 
Biology 1:159-164. 
· Noss, R. F., and L. D. Harris. 1986. Nodes, networks, and MUMs: preserving diversity at all 
scales. Environmental Management 10:299-309. 
· Pulliam, H. R. 1988. Sources, sinks, and population regulation. American Naturalist 
132:652-661. 
· Rosenberg, D. K., B. R. Noon, and E. C. Meslow. 1997. Biological corridors: fonn, 
function, and efficacy. Bioscience 47:677-687. 
· Samson, F., and F. Knopf. 1994. Prairie conservation in North America. Bioscience 
44:418-421. 
Saccheri, I., M. Kuussaari, M. Kankare, P. Vikman, W. Fortelius, and I. Hanski. 1998. 
Inbreeding and extinction in a butterfly metapopulation. Nature 392:491-494. 
75 
. SAS Institute, Inc. 1988. SAS/STAT User's Guide, Release 6.03 edition. SAS Institute, 
Inc. Cary, NC 163 pp. 
· Scanlon, P. F. 1987. Heavy metals in small mammals in roadside environments: implications 
for food chains. The Science of the Total Environment 59:317-323. 
· Schlict, D. W., and T. T. Orwig. 1998. The status ofIowa's Lepidoptera. Journal of the 
Iowa Academy of Sciences 105: 1-8. 
'Scott. J. A. 1986. The butterflies of North America. Stanford University Press, Stanford, 
California, USA. 
· Simberloff, D., J. A. Farr, J. Cox., and D. W. Mehlman. 1992. Movement corridors: 
conservation bargains or poor investments? Conservation Biology 6:493-504. 
· Smith, D. D. 1981. Iowa prairie - an endangered ecosystem. Proceedings of the Iowa 
Academy of Science 88:7-10. 
· Suckling, G. C. 1984. Population ecology of the sugar glider, Petaurus breviceps, in a 
system of fragmented habitats. Australian Wildlife Research 11:49-75. 
· Vermeulen, H. J. W. 1993. The composition ofthe carabid fauna on poor sandy road-side 
verges in relation to comparable open areas. Biodiversity and Conservation 2:331-350. 
, Vermeulen, H. J. W. 1994. Corridor function of a road verge for dispersal of stenotopic 
heathland ground beetles Carabidae. Biological Conservation 69:339-349. 
· Warner, R. E., L. M. David, S. L. Etter, and G. B. Joselyn. 1992. Costs and benefits of 
roadside management for ring-necked pheasants in Illinois. Wildlife Society Bulletin 
20:279-285 . 
. Way, J. M. 1977. Roadside verges and conservation in Britain: a review. Biological 
Conservation 12:65-74. 
, Woodward, S. M. 1990. Population density and home range characteristics of woodchucks, 
Marmota monax, at expressway interchanges. The Canadian Field-Naturalist 104:421-
429 . 
. Yanes, M., J. M. Velasco, and F. Suarez. 1995. Permeability of roads and railways to 
vertebrates: the importance of culverts. Biological Conservation 71:217-222. 
76 
CHAPTER 4. GENERAL CONCLUSIONS 
The native habitat remaining after the incredible explosion of human development 
over the past 150 years is often compared to islands in a "sea" of inhospitable habitat. The 
underlying assumption of this analogy is that animals (and other organisms) treat the 
surrounding landscape as practically impenetrable. This paints a picture of populations 
effectively cut off from each other and subject to the vagaries of stochastic events that may 
wipe out local populations, with little hope of recolonization. The truth is that the degree of 
isolation remains unknown for most species in most landscapes. Even for the most habitat 
restricted groups, isolation may well be tempered by rare migration events that, while 
difficult to detect, are frequent enough that populations remain effectively linked. 
Our ability to understand how organisms move around in the total landscape has been 
hampered by the difficulty of empirically testing these concepts at any scale. Most natural 
landscapes do not easily lend themselves to elegantly designed studies that rigorously test 
even the most basic principals of landscape ecology. The difficulty of performing rigorous 
field studies has led to a proliferation of simulation studies that attempt to provide insights 
about isolation by modeling the movement of virtual organisms through virtual landscapes. 
However, in order to apply the results of these studies to the real world, we need to 
understand what factors are likely to affect the responses of real organisms. 
The results of our studies of butterflies in the Iowa landscape has highlighted the 
extent to which responses to landscape features can vary, both among and within species. In 
our study of butterfly movement at prairie edges, we demonstrated that the two focal species 
responded very differently to prairie edges. Most regal fritillaries observed treated the edge 
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as a barrier to movement, including edges with very subtle differences in vegetation 
structure, while only treeline edges consistently affected movement of the monarch. In our 
study of butterflies in roadsides, we noted that only two out of three groups of common 
butterflies responded strongly to changes in roadside vegetation management. Our tracking 
study also revealed the extent to which variation occurs within species. Both species' 
responses varied greatly depending on certain factors in the local environment, and these 
factors themselves were species specific. The response of regals varied most strongly in 
relation to conspecific density, while monarch responses were most affected by time of year, 
wind, and flower abundance. 
The fact that we observed two different patterns in two different species makes it 
difficult to make any generalizations about how butterflies respond to landscape features. 
Our results cannot even support the conclusion that habitat specialists respond in one way 
and migrants in another because we only studied one member of each group. This result 
brings into focus the need to study these types of responses across a wide range of species. 
For instance, are prairie specialists more likely to respond to prairie edges than other species? 
Or, in fact, are differential responses to prairie edges at the root of why prairie species show 
different patterns of local abundance? 
Our study has also highlighted the dangers of applying results of one study across a 
broad range of situations. The tendency to reflect off edges has been suggested to be a 
predictor for species likely to respond to corridors as a management tool. However, if 
individuals respond to differences in factors such as conspecific density, responses in 
corridors, which may have uniformly lower densities, may be different than within the patch. 
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This is not to say that regals wouldn't respond to corridors, for their response to density may 
differ outside a patch compared to within. By addressing these issues, we are emphasizing 
that generalizations should be made with care. The more that is known about what factors 
most influence a species, the more we will be able to realistically explore these questions. 
Finally, we have only begun to address the question of how isolated butterfly 
populations are in Iowa prairies. We have demonstrated that species associated with prairie 
are relatively rare. We have shown that prairie species are rarely found outside of prairies, 
and when found, only one or two individuals are usually present. We know that one species, 
the regal fritillary, generally treats prairie edges as a barrier to movement, even edges with 
subtle differences in the vegetation. We also know, however, that there are some individuals 
that do leave, and that those were more likely to be in areas of the prairie with low 
conspecific density. What happened to those individuals who left? Did they return after 
realizing that the com continued indefinitely. Did they keep going? Of the ones who did, 
how many actually found their way to another prairie? What happened after they got there? 
Did they successfully reproduce? We still don't know how isolated prairie butterflies are, but 
we have begun to answer a few of the relevant questions. We have also targeted issues that 
are important for developing a general understanding of how butterflies respond to the 
landscape and how these behaviors may act to connect or isolate populations in a fragmented 
landscape. 
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